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SUMMARY

With the prinary objective of determining the accuracy with
which full-scale airplane characteristics can be predicted from .
high+peed wind-tunnel tests of airplane models of small scale,
an investigation has been conducted to determine the high+peed
performance and static longitudinal stability and control character-
istics of a l/78-scale model of the Lockheed MA airplane.

Hi-peed aerodynamic characteristics are presented for speeds
up to a l&ch nuniberof 0.96. Comparisons are made of the relative
aerodynamic characteristics of the l/7&ecale model, a l/+scale.
model, and a full-scale =A airplane. These comparisons reveal
prematurely occurring lift and drag force %reaks for the l/7&cale

d model, with the lift loss and drag rise following the force breaks
less severe than indicated by l/3+cale and flight data. Tests made
to visualize the flow withtith e-boundarylayer of,the l/7&scale
model revealed a very long laminar boundary-layer run over the wing
consistent with the scale of the tests. It is concluded that the
Reynolds number effect on l/78-scale results at high subsonic speeds
is such as to permit its use solely as a qualitative measure of the
fu12-scale aero@namic characteristics of an airplane.

Results of the stability investigation revealed a region of
static longitudinal instability to be present for the l/78-scale
=A nmiel at moderately high lift coefficients in the Mach
number range of 0.81 to O.gO. An abrupt pitch-p motion, evident
for moderate lift coefficients in this Mach number range (0.8to
0.9) appeared in the l/3-scale and full-scale tests only at the
limiting Mach number of the tests (approximately 0.85 Mach nu.uiber).

. This region of instabil.itywas effectively eliminated for the l/78-
scale model by sweeping back the leading edges of the horizontal

.
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and verti,oaltall surfaoes 45°. J?eyonda Moh number of 0.9, a
severe diving t.mdenoy accompanied by a rapid inorease in longi-
tudinal stability was apparent for both the conventional and swept-
baok-tail configurations. .

Longitudinal+ontrol tests of the conventional l/78-soale
YP-80A configuration indioatod ineffectiveness of the elevators for
a 4° deflection, presumably a result of the low soale of the tests.
For - & elevator deflection the effectiveness was adquati over
the speed range investigated exoept for lift ooeffioients near 0.4
where the effectiveness &ropped off rapidly beyond a Mmh number of
0.81.

uthou,gh, quantitatively, prediction of full-scale flight
charaoteristios from th? present small-soale results is diffioult,
trends in lift and drag foroes and longitudinal stability and control
oharaoteristicsare indidated which should be of mnsiderable value
to groups oontxwnplatingthe test flylng of conventional airmad’t in
the range of Mach numbers corresponding to those of the present
tests.

IN’I!RCMXJCTIOI’?

Investigations of Reynolds number effects on the aerodynamic
dmraoteristios of airfoil sections have indioated the Unreliability
of using low-male data to prediot full-male oharaoteristiosat
subcritical speeds (e.g.,referenoe 1). However, Ferri, from the
airfoil tests of reference 2 wherein the Reynolds num%er range fram
1~0,000 to 500,000 was investigated, ooncluded that the signifioanoe
of Reynolds number deoreased beyond the’critioal Mach number,
%ecoming virtually unimportant for Mmhnumbers near unity. A
mmparison of the low-scale Italian results witi the lift and drag
oharacterfstios obtained at high scale (Reynoldsnumber 6~000,000)
showed large discrepancies, but Ferri attrilnrkd this lack of agree-
ment to the differences in the testing techniques and equipment.
Some su~ort was given to Ferriss contention when it was found
(referenoe3) that the maximum lift of airfoils above about 0.5
Bhch nuniberwas quite independent of soale.

To assess more thoroughly the effeot of soale on the aomraoy
of prediction of fullkwale oharactiristios from small-soale model
tests, the present investigation of a smd.l+male aiqda.ne model
was undertaken in the Ames 1- by ~-foot high~peed wind tunnel.
The ko~eed YP~ airplane was chosen as the t~ical high-speed
airplane to be used fbr this investigationbeoause of the need for
data on the high-s~ed performance charao@?istics of this airplane
at speeds in the supercritical~= ?d~gion beyond O.@ Moh number

.
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(the Hmit of previous winGhmnel tests), and because of the*
availability of comparative data from both 1./3-scalemodel tests
(reference 4) and full-scale flight tests (reference 7 and
unpublished data on file at the Ames Laboratory). .

‘I!heinvestigationwas conduoted over a Maoh nuniberrange of
0.50 to O.~ with a corresponding Reynolds number vwiation of
270,000 tO 370,000. Tests were included.to determins ths static
longitudinal stability and control characteristics of the l/78-scale
model to be analyzed prior to intended flight testing of the YP-8QA
airplane to higher transonic speeds than previously attained. Also
included were tests to evaluate the effects on the longitudinal
stability characteristics of swee@ng baok the horizontal and
verticaktail surfaces. These tests are of interest as regards
stability characteristics in that speeds are at&ined well in excess
of the critical Maoh nuniberof both the wing and the tail surfa~s;
whereas in most previous investigations the test Mach numbers have
been well beyond the oritical Mach nuniberof the wing only.

ThuE it was hoped to determine the extent to which hig&speed
windAunnel tests made at low scales could be used to predict full.-
scale flight &aracteristics, and to give an insight inta the
stability ed oontrol problems to be encountamd at flight speeds
in the supercritical region beyond the
gatlons,

Smaxs

The folluwing synibolsare used in

free-stream

free-stream

free-stmsal
foot

Mach number

velocity, feet per

limits of previoti in+esti-

this report:

second

mass density, slugs per cubic foot

-C pressure (~~), pounds per sgare

Reynolds number

wing area, square feet

M.A.C. mean aerodynamic chord, feet
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normal-force coefficient
(

norzml foroe
qz )

pitohing+nommt coefficient
(

pitching moment

qS M.A.C. )

inorease in pitchingaoment coefficient

angle of attack of the fuselage reference

angle of attack of the fuselage reference
lift, degrees

line, degrees

line for zero .

elevator angle with respect to the stabilizer chord, degrees

100al static ~ressure, pounds ~r square foot

fre+stream static pressure, pounds per square foot

pressure coefficient [(P-PO)/q1

AM?ARATUSANDTESTS *

A l/78+cale model of the Lockheed YP-80A airplane, shown
completely assembled in figure 1, was made in three sections as

r

indicated in the explode’dview of figure 2. The split construction
of the fuselage was necessary to permit the installation of a strain
gage for ~asuring pitohlng moments of the model. A schematic
&awing of this installation Is presented in figure .3. The tail
unit was made detachable to permit testing of different tail
assemblies without constructing a complelm model for each configLwa-
tion. A separate brass tail unit was constructed for each of five

‘ewrab cotii~wations
: one of the conventional configurations

with each of O , -4 , and go elevator deflections, a fourth unit
having 45° leading+dge sweepback of bot~the horizontal- and
vertical-tiil surfaces, and a.’fifth comprising the tail-off
condition. These tail assemblies are shown in figure 4. The wing
and fuselage sections of the model were machined from steel and

—

the entire model was cadmium plated and polished. After assenibly
all screw holes were filled with a glazing putty and smoothed. .

The model was supported by tapered steel stings having a
3~32–inch diamter hole drilled through the center to permit

-.

passage of the electric leads for the pitching+noment strain
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gage situated within the
●

accomplished by mounting
bent stings.

5

model. An@e-of+ttack wiation was
the model sucoessivel.yon each of five

The sting was mountsd on a stiai~e balance beam supported
by four cantilever springs riding on bearing ways fastened to the
balance housing. This housing ccqletely shrouded the beam and was
held in position at the center line of the tunnel by ~ans of steel
cables fi~d to the tunnel wal&. The relative sizes and positions
of the model, support, and balance are indicated in figure 5.

~ figure 6 is presented a three-tiew sketch of the model, the
principal dimensions of which are given in the appendix.

Force readings were taken through a Mach number range from
0.500 through 0.960, the Mach number at which a normal shock wave
formed at the balance boom chokhg the air flow. Lift, drag, and
pitchhg~ment measurements were made for the oonventiond
configurations for nominal angles of attack of +0 00, 20, 40,
and 60 for elevator deflections of O0S ~“, and &~. The tail-off
and swept-back-tall configurations were tested through the same
angle+f +ttack and Mach number ranges.

The average Reynolds numbers based on the mean aeraQnamic
chord of the wing for this test are given in figure 7 as a function
of Wch number.

.

Tests were made with a l+~rcen~hord strip of Carborundum
fgains glued to the upper surface of the wing successively at the*
5& and the 2&percent-chord stations of the model in an effort
to fix the transition from lsmdnar to turbtient flow. In a fUrther
effort to increase the effective Reynolds nuuiber,a grid of bars
was installed just upstream .ofthe test section to increase the
turbulence of the air stream. A llquid-film mthod for measuring
transition, essentially a visual ~thod for determining the nature
of the flow within the boundary layer, was employed,in conjunction
with this investigation. This mthod, described in detail in
reference 6, is based on the fact that the greater the stiace shear,
the greater the rate of evaporation of a liquid fihn on the surface
of the model. Runs were made.through the Mach number range for 0°
and 4° angles of attack with and without the turbulence grid
installed and with Carborundum glued to the upper surface of the
left wing at the 2&percen%hord station.

. The tests were conducted in the Anms 1- by 3A– foot high-speed
wind tunnel, a low-turbulence, tw~nsional-f 1%, single-return-
passage wind tunnel powered by two 1000 horsepower eleclwic motors.

d
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R?UXUC’IONOF DATA
●

All forces and mments were masured with respect to the wind -
axis and are presented in the form of lift, drag, and pitching-
moment coefficients. To obtain these results, balance readings
were multiplied %y previously determined calibration uonstants to
give the Zorcee parallel and perpendicular to the wind axis and the
pitching mount about a point at 25 percent M.A.C. on the fuselage
reference line. The strain+age balance calibrations were repeated
at frequent intervals to cmpensate for any shift in the slope of
the calibration curves over a period of time. Calibration constants
have been found to be independent of tunnel pressure and temperature.
Zero readimm, however, shifted over a considerable r-e with-.
changes in tunnel temperature.
be correlated with readings of
the strai~age windings. All
shift. Lift-drag interaction,
lift acting upon the &rag gage
springs deflecting under load,
drag correction at high valuee

This shift, it has been found, could
thermocouples fixed to the base of
readings were corrected for this zero
a result of a small component of the
due to the.strain%age cantilever
which has been found to be a necessary
of lift, was found to be negligible

—

through the limits of this investigation. The POSSible existence’
of nonrepeating errors was refuted by the excellent agreement of
the results of repeated runs. —

The initial angle of attack of the model was measured under
static conditions before each run by means of a height gage and a —

leveled surface plate inside the test section. During the run
u

aerodynamic loads caused deflection of the sting in direct proportion
.—

to the lift load involved. All angles of attack were corrected for
this deflection. The deflections were calculated from the ~asurpd

w

lift values, using constants previously determined by loading the
model statically at its center of pressure. Some uncertainty exists
as to the magnitude of error involved in determining the angle of
attack by this method as the vibration of the model and support
during testing was of sufficient amplitude and frequency to prevent
any accurate check by optical means.

Shrouding, provided the balance is sealed to prevent the fluw
of air within it, serves to eliminate all aerodynamic forces on
the sting. Deflection of the sting under high lift loads, however,
caused fouling against the shroud at angles of attack greater than
4°, thus limiting the use of a shroud. Tares due to aerodynamic
forces on the sting were determined from results of a series of
runs of the model through the -2° to ~“ angle-of+ttack range with
and without a shroud which was mounted on the nosecap of the balance

--

housing and enclosed the sting to within 1/32 inch of the base of
——

the model. The lift and drag tares for angles of attack greatar
than 4° then were determined by extrapolation of the differences

● -
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A determined from the low angle+f+ttack runs. AU
reyort are corrected for aerodynamic forces on the
tare was found to be negligible. so no corrections

7

drag data in this
sting. The lift
were ayylied.—.

The model was pivoted at the &sign center of gravity and the
pitching mormnt was measured on a strain gage situated inside of the
model, thereby eliminating the necessity or determining force tares
For moment. No attempt was m,de to correct for the unhmwn effects
of suyport interference.

The results, determined from the measured lift, drag, and
pltchlng moment, have been corrected for the effects of tunnel-
walJ intetierence by the method of reference 7.

The data were unaffected by choking phenomena at angles of
attack less than 6°, ag choking at these lower angles was caused
by the balance
Data presented.
are considered
lines.

hous&g which W=S situated well be~ind the model.
for choking Mach znnnbersat higher angles of attack
to be of doubtful value and are indicated by broken

DISCUSSION OF RFSOZTS

Inasmuch as the prhary purpose of the investigation was to
determine the accuracy with which full-scale flight characteristics
can be predioted frcm hig&speed wind-tunnel tests of smll+cales
models, the hig&speed aerodynamic characteristics obtained will be
analyzed in conjunction with l/Mcale model high-speed wind-tunnel

v results (reference 4) and full-scale flight results. Results of
t%sts using various devices to increase the effective Reynolds
number of the tests will be discussed in conjunction with an analysis
of the observed flow pattern in.the model wing boundary layer.
Following this analysis, clifferences in the results olrkained.for the
vmious scale models will be comyared with Ferri ~s findings on
Reynolds number effects at high speeds (reference 2). The longi–
tudinal sta%ility and control characteristics of the l/7&scale
model will be analyzed in an effort to indicate scam of the longi-
tudinal’control clifficulties to he encountered by conventional
aircraft when flying at high subsonic speeds.

High-speed Aerodynamic Characteristic

In figures 8, 9, and 10, the drag and lift forces and pitching
. moments of the l/78-scale model are presented in coefficient form

as functions of Mach number and angle of attack. Model-
coefficients as functions of Mach number are presented in figure U

● for lift coefficients from O to 0.4. A ccxnparisonof the drag
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mefficients for the airplane as measured in flight, for the
oomplete l/3-scale model as measured in the Ames 16-foot high-speed
wind tunnel, and for the l/78-scale model as measured in the Ames
1- by ~ -foot high-speed wind tunnel is presented in fIgure 12.

The win&tunnel results are plotted for constant lift coefficient,
and flight results are presented for various normal force coefficients
as indicated. For the luw angles of attaok represented by the
indicated lift ooeffIclents, the clifference between lift ooefficient
and normal-force coefficient is negligible. Results indicate lower
drag~ivergenoe h%mh numbers for the l/78-scale model than for either
l/3+male or full-scale modelsj also, the rate of drag rise past the
force break is appreciably less than for the larger eoale models.

The lift+ oeffloient variation with Mach number at oonstant

amgl.e of attack for the l/78-soale model is illustmted In figure 13.
Although these model results exhi%it lift-ooeffloient trends with
Maoh number which are very similar to the l/3-ecale and full-scale
results, the magnitude of the lift coeffloient at a given angle of
attack for the l/78-soale model is at varianoe with the larger scale
results throughout the Mach number range of the tests, as demon-
strated in figure 14. Throughout the entire angle-of+ttack range
investigated, lift divergence oocurs at a lower Mach number for the
l/78-scale model than for either the l/3-soale model or the full-
scale airplane. The l/78-soale results exhibit lower lift coef-
ficients throughout the speed range, and a more gradual decrease in
lift cioefflcientwith Mach numiberbeyond the foroe break than do
either the l/3-scale or full-scale results. An increase with Mach
number in lift inefficient beyond the minimum value is Indicatid
for all angles of attaok of the l/7&soale results at llachnunibers
past the upper limit of the l/3-soale or fulkscale teslxt.

The variation of the liftiurve slope with ~Machnuniberfor the
l/7&soale model at the design lift meffioient is in exoellent
agreement with l/+soale results as indica~d in figure 15. Also
indioated are several values taken from full-scale results whioh
agree favorably with the small-scale results, although the scattir
is much greater due to the difficulty involved in obtaining these
data under flight conditions. The l/78-scale results reveal an
inc%ease in lift+nrve slope beyond a Mach number of 0.9 which
occurs beyond the limltlng lhch number of the previous investigations.

The angle for zero lift for the l/7&cale model begins
shifting toca positive value approximately 0.1 Mach number before a
similar trend begins for the l/3-soale model with the increase

(
oocurring more gradually for the 1 78-soale model than for the
largeracalemodel. (See fig. 16. The emgle for zero lift attains
a maximum positive value for the l/78-scale model at approximately
0.86 J&ch number (the limit of the l/3--scaletests) and thereafter
returns to a negative value.

&

f

.
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The pitching+noment coefficient variation with Mach number for
* the l/7&cale model as a function of lift coefficient is presented

in figure 17. A comparison of l/78-scale, l/3-scale, and full-scale
pitching+mmen-t results is presented in figure 18. The pitching-
moment coefficient trend with Mach number is similar for the various
configurations up to approximately 0.8 Mach nuniberbeyond which a
considerable discrepancy exists. The l/7&scale results do not
indicate the diving tendency in the l&ch nunber range of 0.8 to 0.86
apparent from the larger scale results, but, to the contrary,
etibit for lift coefficients above 0.1 a pitch-wp tendency which
becomes more severe with increasing lift. As seen from figure 18,
an abrupt pitckp motion appeared in full-scale tests only at the
limiting Mach number of the tests (approximately 0.85 Mach nuniber).
During flight tests of the MA, a sudden pitckup motion of the
airplane occurred at a lkch nuniberof 0.85 as the lkch nuder was
being decreased from 0.866 and resulted ina change in lift coeffi-
cient from 0.49 to 0.89 in about 1 second. (See reference 5.)
The prematurely occurring nose-up change in balance for the l/78-
scale model is consistent with the previously noted effects of low
scale on the lift and drag characteristics. A diving tendency
becomes apparent for the l/7&scale model beyond a Mach nuuiberof
O.w and increases in severity to the limiting Mach nwiber of the
tests.

The pitchi~ment coefficient variation with Mach nuniberfor
the l/78-scale YT-80A model is qualitatively similar to that for the

. Bell XS-1 air-plane(reference 8) in the transoni~peed region as
seen f’romfigure 19. This similarity suggests the possibility that
stability and control problems evidenced by the l/78-scale YP-80A

* model test results are not peculiar to the specific model tested,
but are representative of stability and control problems to be
encountered by conventional aircraft when fl~ in the range of
Mach nuniberscorresponding to those of the present tests.

In an attempt
tests by forcing a

Scale Effects

to e,efectivelyincrease the scale of the present
local flow over the model wings which would

correspond to Reynolds nurtibersof the order of full-scale flight
tests, carborundwn was applied successively to the upFer surfaces
of the model wings at x and 2C percent of the wing chord so as
to fix transition from laminar flow to turbulent flow at these
respective positions. Aerodynamic characteristics were determined

. for the model in these conditions over the range of test Mach
numbers. No significant changes in the principal force and moment
characteristicswere observed for either model condition, indicating

● that the Carborundum was not effective in fixing transition. In a
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further effort to increase the effective Reynolds numbers of the
tests by foroing early transition from lamlnar to turbulent flow,
a grid of bars was installed just upstream of the wind-tunnel test
section to increase the turbulence of the air stream. Several model
tests were made and then repeated with the grid removed. No appreci-
able changes In the model force characteristics were effected through
the inoreased turbulence.

To determine the nature of the flow within the boundary layer
and how it is effected by the carbomndum and turbulence grid a
liquid-film method for visualizing boundary-layer flows, previously
noted under Tests, was used in conjunction with the turbulence grid
tests. A strip of Carborundum was fixed at the 2&percent-ohord
station on the uyyer surface of the left wing of the l/78-scale
model for these tests. Results indicate no significant differences
in the flow patterns over the model with and without the turbulence
grid. In figure 20 are presented the flow patterns for the l/7&
scale%odel for 4° amgle of attack and 0.6 Mach numler as obtained
with and without the turbulence grid installed. The Carborundum
was apparently ineffective inasmuch as the ove=ll flow pattern on
the left wing was little changed from that of the right wing; the
only significant difference being an alteration in the flow at the
tip.

—

Referring to the boundary-layer flow photographs of figure 20,
a wet region, indicative of low surface shear in the boundary layer,
appears as a white area on the model surface; and, conversely, a dry ●

region, indicative of high surface shear in the boundary layer,
appears as a black area. The presence cf the wet region Just aft
of the leadi~~ edge of the right wing intioated low surface shear _

P

in this region and could denote separation of the laminar boundary
—

layer should a sufficiently adverse pressure gradient (decelemted
flow) exist there. A tendency to separation of the laminar boundary
layer, according to reference 9, could be present at a point near
the nose of an airfoil at any moderately high lift coefficient if
the Reynolds nmiber is not sufficiently high to make the flow
twlmlent at that point. An e-nation of the pressure distribu-
tion over an NAOA 652-.215(a=o.5) airfoil section (reference 10),

a section closely related to that of the subject model, for
comparable Mach number and angle of attack, however, indicates
that a favorable pressure gradient (acceleratedflow) exists over
the forward portion of the airfoil,thereby precluding the possibility
of a tendency to laminar separation. The inconsistencybetween the
pressure gradient, as indicated from the probable pressure distribu-
tion and the pressure gradient necessary to support the indicated
flow pattern, led to the conclusion that the l/78-scale model wing
section was probably inaccurately machined. A metal casting of the
profile of the model wing was made and cut at a specified section to

.

r
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check the accuracy of the ordinates. The VSJ?Jation of the measured
with the intended ordinates is shmn in figure 21. The posiiicn and

q~~de of We Ewfim thichem iS as speciffed and the prof~le
beyond this point is within the allowable accmacy; therefore, only
the portion forward of this position is illustrated. The measured
profile was found to have a larger leading+dge radius and, conse-
quently, thicker nose section than has the specified N#iCA651-213
(a=O.5) low-drag section.

The pressure dfstributichcoverthe measured profile, presented
in figure 22, was calculated by the nethod of reference 11 and

oorrected by the Glauert compressibility factor e. An adverse
pressure gradient is seen to exist over the > to I>percen%hord
region of the upper surface of the airfoil section. The Zndicated
premmre recovery is not sufficient to support laminar separation,
but does support the contention of low surface shear in the boundary
layer in this region. Further evidence in support of the fluw
pattern indicated for the 1/78-scale wing is evident in the favorable
pressure gradient existing over the 1> to 2>percent chord region
of the upper surfaoe~ the effect of the favorable gradient being to
speed up the energy-deficient air in the boundary layer close to
the surface, thus increasing the smfaoe shear ad drying that
portion of the wing surface. Mt of the 2>percent chord position
the wet area is consistent with a laminar boundary layer subject
to en adverse gradient. The dried region in the Latter I>rcent
of the wing chord indicates that transition to turbulent flow has
occurred.

The abnormally long Iaminar w of the boundary layer indicated
byithe foregoing analysls is further evident in the fact tit the
fUSe~e’ is Wet over the entire length of the ILIOdel with no indica-

tion of turbulent flow even behind the canopy or air intake bulges.
Thus it seems llkely that the narked difference~ between the
l/7&scale and fuS1.-scaleresults, as indicated @ the results of
the present investigation, are due nainly to differences in scale,
although the unpredicted modification in the specified s.irfofl
section fo& the l/78-scale model may be a mntributing factor.
The thickening of the forward patiop of the wing probably
conla?ibutedto a lowering of the force divergence velocity and to
an increase in the angle of zero lift beyond the critical Mach
number for the airfoil section.

The marked differences between l/7&scale end full-scale
remits, described in the foregoing sections, are significantly
similar to ‘lhoseindicated in Ferri Cs results of reference 2. ~ta
on an NACA 0015-64 airfoil, obtained in the 1.31- by 1.7&foot
hig&speed wind tunnel at Guidonia, Italy, at a Re~olds number of
about 500,000, are compared with those obtained in the 8.=mt
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d.iamtar high-speed. wind tunnel at the Deutsche Versuchsanstalt f?ti
Luftfahrt (DVL) in Germany at approximately 6,000,000 Reynolds
number. The results from the two tunnels are at variemce, especially
at high e~eets. As illustrated in figure 23, the drag divergence
Mwh nuniberindicated from the 500,000 Reynolds number results is
luwer and the rate of drag ~ise past the critical speed less than
indicated from the 6,000,000 Reynolds number results. Also, as
illustrated in figure 24, the lift+force break for the low Reynolds
number tests occurs at a lower Mach number and is followed by a more
gradual decrease in lift than for the high Reynolds number tests.
This lack of agreement is attributed by Ferri to the difference in
testing technique end the proportions of the testing systems. From
the analysis of the results of the preeent investigation, however,
it would appear that %is lack of
to differences in scale.

Longitudinal

&low a Mach number of 0.84,
YP-80A airplane etiibits adequate

agreement is more probably due

.

Stability

the l/78-scale model of the
longitudinal stability with little

variation throughout the lift-coefficient range of the test. (See
fig, 25.) Beyond this Mach number a gradual decrease in static
stability is evident up to a Wch number of about O.gO with the
most pronounced change occurring at high llft coefficients. Beyond
this Mach number, however, a sudden increase in longitudinal
stability becomes appsrent. The diving tendency, shown to exist
be~ond a Mach number of O.~, when accompanied by this rapid
increase in longitudinal stability, presents a serious longitudinal
control problem.

b .

.—

The l/7&scale model with the tail removed exhibits a gradual
deorease in static longitudinal instability with ~ncree,singspeed
up to a Mach number of about 0.80. (See fig. 26. ) Beyond this Mach
number$ a reversal of longitudinal instability is indicated between
lift coefficients of 0.1 and 0.4 up to the limiting &ch number of
the teet. This revereal of inetabilit~ is evident from l/3-scale

—

tests (reference 4) only at 0.85 ~ch number, the limit of the tests.
At a Mach number of about O.~, however, the l/78-scale model without

tail is stable throughout the lift+oefficient range investigated.

It has been found from an Ames 16-foot high-speed wind-tunnel
investigation of a model tail plane with 0° and 45° sweepback
(unpublisheddata on file at the laboratory) that I&ch nunibereffect
on stabilizer effdctivenees carIbe alleviated by sweepback. There-

.

fore, in an effort to imprcve the longitudinal-stalilitycharacter-
istics at supercritical speeds, the leading edges of the horizontal-
and vertical–tail surfaces of the l/7&cale model were swept back 45°. x
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The area of the horizontal tail and elevator were maintained.
effectively the same as those of the original surfaces, while the
vertical-tail area was increased some 3&percent. Results from
tests of the swepkback-tail vereion of the subject model (fig. 27)
indicate that, below a Mach nuniberof about 0.83, the swepGback-
tiil model etibits a lesser degree of static longitudinal stability
than does the conventional configuration. Beyond a Mach number of
0.83, the Swepkback-tail configuration tends to becom increasingly
stable with increasing Mach number to the limits of the test except
for a small region of instability at a Wch number of about 0.93 for
lift coefficients of 0.4 to 0.5. This region of instabilityat high
lift coefficients occurs for the conventional configuration at
approximately the same Mach number as for the Swepktail version.

In general, the static longitudinal+tability characteristics
of the 1~’7&scale model of the YP-80A airplane were improved by
sweeying back the hating edges of the horizontal— and vertical-
t+ailsurfaces In that the region of instability at moderate lift
coefficients in the I.llchnumber range of 0.83 to O.$Xlwas eliminated.

Longitudinal+ontrol Effectiveness

Increments in pitching+noment coefficient produced by various
elevator deflections are presented in figure 28 for the l/78-scale
model of the subject airplane. The marked ineffectiveness of the. elevators for the -4° deflection for low lift coefficients was
presumably due to the effects of low Reynolds nuniber-smuch as no
comparable ineffectiveness was evident from the l/3.+cale model.
test results of reference 4. An elevator deflection of -& produced
a pitching~ nt coefficient increment of about 0.140 at a Mach
number of about 0.70, for low-lift coefficients, with very little
loss in effectiveness with increasing Mach nuniber. For cam~able
Mach number and lift coefficient, l/3-scale tests i&icate a
pitching+mment coefficient increment of about 0.08 for a -8°
elevator deflection with but a slight decrease in effectiveness
at higher Mach numbers. At a lift coefficient of 0.4, for the
l/78-scale model, elevator effectiveness for the A“ deflection
dropped off rapidly above a Mch nuder of 0.80, increasing
slightly again at a Mach number of 0.93.

COhWLUDINGREMARES

. A comparison of l/78-scale teat results with those obtained at
higher Reynolds nurhers disclosed marked differences between 1/78.-
scale and full-scale aerodynamic characteristics. Most Stgniflcant

d among indicate mature occurrence of’the lift
and drag force breaks for the l/78-scale model. Less prominent,



but none the less ibxportant,is the marked lessening In severity of
the lift loss and the reduotion in the rate of drag rise after the
foroe breaks. An early Inorease in amgle of zero lift is evident
for the l/78-soale model, while the variation in lift-ourve slope
with Ma.ohnumber is in excellent agreement with the higher Reynolds
number results. Local boun~-layer flms over the model wing,
indioated by the liquid-film tests and supparted by the calculated
pressure diwtrlbution, revealed a very long lamlnarrun of the
boundary layer over the wing of the l/78-soale model which was
consistent with the low soale of the tests.

The statio-longitudinal stability of the l/7&oale model,
above a Maoh number of about 0.81.,gradually decreases with
increasing speed up to a Mach number of 0.9. Beyond this speed
a very severe diving tendency is apparent accompanied by a sudden
inorease in static longitudinal stability. Swee ing baok the
horizontal and vertioal-tail surfaoes of the 1/7L oale model
effeotlvely eliminated the region of longitudinal instability at
moderately higl&Mft coefficients in the Koh number range of 0.83
to 0.$0.

Longitudinal-oontrol @sts for the conventional l/78-eoale
model of the Y&80A airplane showed marked ineffectiveness of the
-4° elevator deflection attributable, apparently, to the small
scale of the model. The 4° elevator deflection remained effeotive
throughout the Mach number range of the tests for low-lift mef-
ficients. For lift ooefflcients near 0.4, however, a rapid loss
In effectiveness was”evident beyond a Woh number of 0.81 with a
slight gain in effectiveness apparent at a ~ch number of 0.93.
As in l/3-eoale test results, no significant loss in elevator
effeotlveness with Mach nuniberIs evident below 0.81 Maoh number
throughout the lift+oeffloient range of the tests.

.

●

.

v

Although trends in lift and drag foroes and stability and
oontrol charaoteristios of an airplane can be predicted from small-
scale high-speed wind-tunnel tests, differences with full+wale
flight charaoterlstics oam be expeo~d beoause of Reynolds number
effects. .

-S Aeronautical Laboratory,
Hational Advisory Coxuittee for Aeronautics,

Moffett Field, CalIf.

.
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THE I?EUIUCPAIID~NSIOIJS& l&X#E
MODEL OF TEE L~

wing

span . . . .

Area . . . .

M. A. C. .

Root section

T@ section .

Dihedral . .

●

●

✎

✎

4

.

Root incidence

Tip incidence

●

✎

✎

9

●

.

.

.

● ✎

✎ ✎

✎ ✎

✎☛

● ☛

● ☛

✎☛

✎✌

.

●

✎

●

✎

●

●

s

.

●

✎

✎

✎

●

✎

✎

.

.

.

●

✎

✎

✎

✎
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.

.

.

.

●

✎

✎

.

.

.

.

.

●

●

✎

.

●

✎

●

✎

✎

✎

✎

.

.

.

.

●

✎

✎

✎

Taper ratio (tip chord/root chord)

Horizontal w

span . . . . .

Area (total) .

Dihedral .

Section .

kidenoe .

Taper ratio

Tail length

. .

. .

● ✎

.

.

●

✎

✎

. .

. .

● ✎

✎ ✎

✎ ✎

.

.

.

.

●

.

●

✎

●

●

.

.

.

.

●

.

.

.

.

.

. .

. .

● ☛

.0

.*

.

●

✎

✎

●

.

‘

*

●

.

●

●

●

●

.

●

.

.

b

●

✎

●

✎

✎

✎

●

●

✎

✎

✎

✎

✎

✎

.

.

.

●

●

✎

●

✎

✎

✎

✎

●

✎

✎

●

✎

✎

●

✎

✎

✎

●

✎

●

✎

✎

15

● ☛✎✎☛ 6 inches

5.61 SQZEU3 iIICheS

. . 1,034 inohes

IWCA 651+13,

ITACA651+13,

#

.

●

✎

✎

✎

✎

✎

● ✎

✎ ✎

✎☛

✎ ✎

✎ ✎

●

✎

✎

✎

✎

1.03

● . .

. . .

.**

. .

. . .

● ☛✎

● 0.

a = 0.5

a= 0.5

3040‘

. 1°
lo

. .-
2

0.380

2.3* inches

square tithes

.0 .00 0°

. MUX 6!%010

● .*. l&O

(tip chord/root chord) . . . . . . . . . . . . 0.364

(25l&rcent of the M.A.C. to the
elevat& hinge-line) . . . . . . . . . . . . ● 2.530 ~dms

Elevator area #t of hinge 1- 0.206 Sq~ Inch
.

J
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Vertioal tall

Span (height above fuselage

Area (total) . . . . . . .

Section . . . . . . . . . .
.,

l@idence . . . . . . . . .

Taper ratio (ttp chord/root

NACA RM No. A7L24 .

.

.refennce inches.

.

b

.

●

●

●

.

.

.

●

●

●

4

.

●

9

●

.

0.53 square inoh

NACA 65-010

.*. *

● *e*

● ***

chord)

●

✎

✎

✎

●

✎

✎

●

✎

●

●

●

✎

✎

✎

✎

●

✎

●

●

✎

●

●

9

●

●

●

●

●

.

.

.

●

●

●

✎

●

●

●

✎

✎

✎

●

● 0°

0.400

b 45°

● 0°

.

.

●

✎

✎

.

.

●

●

.

●

●

●

●

●

●

Dimensions for swe~tiaok tail:

Horizontal tail

Sweepback

Dihedral

Seotlon

Span . .

Area. .

Incidence

(leading edge) .

●

✎

●

✎

●

●

●

●

●

✎

●

●

✎

●

●

✎

✎

●

✎

●

●

●

●

●

●

✎

✃

.

.

●

✎

.

.

●

●

.

.

.

.

.

.

●

●

.

●

●

✎

.

●

✎

✎

●

●

●

✎

NACA 65-010

Q.336 inches

square inches1.209

.*O* 0°● ● ● . ● ● ● ● ☛☛

✎ ✎ ✎(tip chord/root ohord). .*. * 0,411

\

Taper ratio

Vertical tail

Sweepback (leading edge). . . . . t.. . . .

line), . 1.400 irmhesSpem (height above fuselage reference ●

0.953 square inch

● *****9 ● 0°

● **.*** o ● 409

Area . . .

Incidewu .

Taper ratio

● om*O*e ● *.**

● .*9**. ● ****

(tip chord/root chord)..

●

●

✎

●
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Figure l.- 2he l/7&male model Oe the Yl?-&M 8irp19ne (stingn
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muted) ,
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Figure 2.- Explcxbd VIEW Of 1/7&Ioale motil ~hming split

construction and. Wkmml pitahing~nt strain gage.
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Fi@’e 4.- !IM.1 ammtiliee wed in the
l/@-Scale yp-E!#A model teeiw.
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6.000”

Figure 6.- Three -view drawing of the I/78-stole
model of the YP-80A olrplane.
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Figure Z- The vorhtlon’ of Reynolds number with Much number

for the 1/78-scale model of the YP-80A ohplane h the
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Angle of attack, 0, degrees

Figure 8.- Vuriation of drag coefficient wiih angle of attack
for the //78-scale model of the YP-80A airplane.
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Angle of attack, C?, degrees

Figure 9.- Var/ation of iiff coefficient with angie of attack

for tie i/78-scaie modei of Me YP-80A alrpiane.
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Figurep /0.- Variation of the pitching-moment coefflci’enf with
angle of attack for the l/78-scale model of the YP-80A
uirplane.
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l/78-scale model test dote

---- //3 -scale model test doto

El Ful/-scole flight (GN Indicoted)
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Figure 12.- Gomporkon of vorlation of drag coefficient with

MQch number for the 1/78-stole model of the YP-80A
with results of flight tests of the YP-80A airplane ad
wind- tunnel tests of a I/3- scule YP-80A model.
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figure 13.- VorM~/on of llf~ coefficient wiI’h Mach number
for the 1/78- scale model of the YP-80A airplane.
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l/78-scale model test dots

--–- //3 -sc Ole model test data

❑ Full-scale flight (GN indicated)

0 “.5.6 .7 .8 .9 /. o

Much numbers M

Figure 12.- Comparison of variation of drag coefficient with

Mach number for the //78- stole model of the YP-80A
with results of flight tests of the YP-80A airplane and
wind- tunnel tests of a 113-scale YP-80A model.
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Figure 13.- Voriotlon of lift coefflcienf with Mach number
for the 1/78- scale model of the YP-80A airphne.
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~ l/78 -scolo model test do to
---+ //3 - stole model test doto

a
~ui/- SCUi@ flight to St data

Mach numbe~ M

Figure 14.- Comparison of varlotion of Jift coefficient with Mach

number for the 1/78- scale model of t~WA with

results of flight tests of the YP-80A airplane and wlnd-

iunne~ tests of a 1/3-scale model of the YP-@OA.
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//78 -*tale modal test dotu
----- 1/3 -sct71e model test data

0 Full - sc61e flight t8St dato
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f?gure 15-Comparison of vorf’otlon of Ilft-curve slope with Much
number fir Me lj78-stole model of the YP-80A with results of
flight tests of the YP-80A oirplune and wind-tunnel tests of o
1/3- scule model of the YP-80A.

Moth number, M
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F..gure 16.- Comparison of vur.k?tlon h angle of zero lift

with Afoch number for the . 1/78-stole model of h

YP-80A with results of wind- tunnel “fests of a #3-
scole model of the YP-80A drphne.
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Figure lZ-
number

Moth number, M
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Varldion of pitching-moment coefficient with Mach

for the //78-sea/e model of the YP- 80A oirpt’one.
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Figure /8.- Gomporison of the variotion h pitching-moment

coefficient with Mach number for ‘the li78-scale model of
the YP-80A with results of flight tests of the YP-80A

olrplone ond wind-tunnel tests of a //3-stole model of
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lj78-scol@ model of LocRMed

— —1/16 -scale model of Bell X5- I
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Figure 19.- Comparison of the variation of pitching-moment

coefficient with Mach number for the //78- scale model

of the Lockheed YP- 80A airplane with thut of the

///6. - scule model of the Bell XS - / ulrplane.
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(c)RwI with grid Iostalled.
Side view.

Figure 20.- Flow pattern for the l/’78-scde model of the YP-80A alrYlZZUM3as

mmfiba by tie Mquid=film mmthod far mecworiw transition. Angle of

attaok, 4°; Moh number 0.6.
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Figure 23.- Gompurkon of variation of drag coefficient
with Mach number for on NAGA 0015- 64 olrfoli with

results of tests mode in the Germon DVL tunnel. u = 0°
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with Mach number for od NAGA 0015- 64 akfoil with
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